Background: Although systems strategies are effective in improving health care delivery, little is
Introduction
Screening for breast, cervical and colorectal cancer (CRC) is widely recommended in clinical practice guidelines in the U.S. (1-7), although uptake varies by screening type (7) . In 2008, more than 75% of eligible women were up-to-date with recommended mammography (8) or Pap testing (7) . However, only 55% of eligible women and men were up to date with any of the recommended CRC screening modalities (9) , including fecal occult blood testing, flexible sigmoidoscopy, or colonoscopy. Physician recommendation is one of the strongest predictors of patient receipt of screening (10) , in part, because many screening tests require a referral. By recommending cancer screening to their patients, primary care physicians (PCPs) play a central role in implementing the screening guidelines of major professional organizations.
The effectiveness of systems strategies, including clinical information systems, delivery system design innovations, and decision support strategies, in improving primary care delivery is well established (11) (12) (13) (14) (15) . For example, use of patient and physician reminders has long and consistently been associated with increased uptake of cancer screening in meta analyses and systematic reviews (16) (17) (18) (19) (20) . Reminder systems, electronic medical records (EMRs), decision support and other systems strategies are widely used within some primary care settings, such as the Veterans Health Administration (21) and in many managed care organizations (22) , but have not been widely adopted across the U.S (23;24) . A recent study reported that EMRs with clinical decision support were used in only 17% of US patient visits (25) The extent to which reminders and other systems strategies have been adopted for cancer screening by primary care practices in the U.S. is largely unknown.
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In this study, we used data from a national survey of PCPs to describe and explore: 1) the adoption of multiple systems strategies which may improve cancer screening performance and 2) whether the use of systems strategies varies for breast, cervical and CRC screening. Because of the strength of evidence about the importance of patient and physician reminders for improving screening (16;17;19;20;26) , we also explored the relationship of other systems strategies with the adoption of reminder systems.
Methods

DATA SOURCE
We used data from the 2006-2007 National Survey of Primary Care Physicians'
Recommendations and Practices for Breast, Cervical, Colorectal, and Lung Cancer Screening (27) . The survey used a split-sample design, in which one-half of the sample was randomly assigned a questionnaire covering breast and cervical cancer screening, and the other half, a questionnaire covering CRC and lung cancer screening. The survey used the American Medical Association's Physician Masterfile as the sampling frame to identify a nationally representative sample of PCPs. Physicians who were younger than 76 years old, held an active license, and listed patient care as their major professional activity were eligible for the survey. We used a stratified random sample with four primary care specialties as sampling strata (i.e., general practice, family medicine, general internal medicine, and obstetrics/gynecology). Selection was proportional to the specialty's representation in the U.S. physician population.
Survey items were developed with a panel of PCPs and the survey was cognitively tested with a convenience sample of 18 practicing PCPs to ask about understanding and interpretation of survey questions to ensure validity of their responses. The questionnaires were revised based 5 on the cognitive testing findings. A total of 2,478 physicians completed the survey with an American Association for Public Opinion Research response rate 3 (which includes physicians determined to be ineligible to participate in the survey in the denominator) (28) of 68.4% and cooperation rate 3 (which excludes ineligible physicians from the denominator) of 74.2%. More information about the survey, including access to its questionnaires, is available at the National Cancer Institute website (27) . Because we were interested in systems strategies to support cancer screening tests routinely endorsed in clinical practice guidelines (1-7;29) , we restricted the sample to the 99% of physicians who reported recommending Pap smear, mammography, or CRC screening (N=2475). We report findings separately for physicians who reported ordering or performing at least one Pap test (N=1,111), mammogram (N=1,209), or CRC screening test (N=1,264) in a typical month.
GUIDING FRAMEWORK AND MEASURES
The Chronic Care Model guided the choice of measures (11;12) . The model is a framework for patient-centered evidence-based care delivery in practice. It includes the domains of community resources, the healthcare organization, decision support, clinical information systems, delivery system design, and patient self-management support. Interventions within these domains are hypothesized to result in prepared and proactive practice teams and informed and activated patients, ultimately improving the productivity of patient-healthcare teams and leading to improved quality of care and better patient outcomes. Our analysis focused on systems strategies, including clinical information systems, delivery systems design, and decision support.
Clinical information systems strategy measures included the use and type of patient and 6 physician reminders that a patient is due for breast, cervical and CRC screening. Reminder use was classified as patient reminders only, physician reminders only, reminders to both patients and physicians, and neither type of reminder. Additionally, we measured physician receipt of performance reports of their rates of cancer screening, whether such reports compared their performance with other practitioners, and whether their compensation was affected by screening performance.
Delivery system design strategy measures in the main primary care practice included the type of medical record system (paper charts, partial electronic medical records (EMRs), in transition from paper to full EMRs, full EMRs) and the number of nurse practitioners and/or physician assistants (NP/PAs) (0, 1, ≥2). Use of NP/PAs reflects the decision to hire multiple clinician disciplines to provide care. Medical record system and NP/PAs do not refer to systems introduced specifically for cancer screening, per se, but reflect generic systems adopted by the practice. These measures were included because of the evidence that EMR technology (30) and a team approach in which responsibility for screening activities is shared among other members of the practice, including NP/PAs (31-33), can improve screening practice.
Decision support strategy measures included primary care practice implementation of inpractice guidelines for cancer screening, and whether these guidelines were available in electronic format at the point of care or at a desk or work station.
Physician characteristics measured included age, gender, race, board certification, and medical school affiliation. Physician specialties were general practice/family medicine, internal medicine, and obstetrics/gynecology.
Practice characteristics measured were region of the country, practice size (solo 7 practice, 2-5, 6-15, or ≥16 physicians), practice specialty composition (single specialty, multispecialty group, other) main primary care practice setting (physician-owned practice, large medical group, university hospital or clinic, other), and percentage of patients insured by Medicaid (<5%, 6-25%, 26-50%, ≥51%).
ANALYSES
Physician and practice characteristics were assessed with descriptive statistics. Use of systems strategies was stratified by screening type (i.e., mammography, Pap test, CRC screening). Because of the strong evidence for the effectiveness of reminders in increasing cancer screening uptake (16-20;34) , we also evaluated the use of both patient and physician reminders with other systems strategies (i.e., medical record system, number of NP/PAs, inpractice guidelines for screening, and performance reports of cancer screening rates) by screening type. Use of both patient and physician screening reminders was the outcome in 12 separate multivariate logistic regression models that adjusted for the effects of physician age, specialty, geographic region, practice size, practice type, and percentage of patients insured by
Medicaid. This approach allowed us to evaluate use of multiple evidence-based systems strategies in primary care practice while controlling for the effects of physician and practice characteristics previously reported to be associated with cancer screening (35;36) .
Results from the regression analyses are presented as predicted marginals. The predictive margins method (37) directly standardizes the outcome of each group to the covariate distribution of the population. Standardized results from these logistic models can be compared as percentages. A sample weight that accounts for the probability of selection as well as an adjustment for non-response by sample strata was assigned to each survey respondent. 
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questions that were identical in the two samples, we used the combined survey weights. For questions that were unique in one of the samples, we used the specific survey sample weights.
The statistical software SUDAAN (38) was used to apply the sampling weights and incorporate the stratified survey design in the calculation of descriptive statistics and logistic regression results.
Study Results
Physicians were mostly male, white, non-Hispanic, and board certified (Table 1) . Most worked in relatively small (≤5 physicians) physician owned single specialty practices. Most reported that less than one fourth of their patients were insured by Medicaid.
Clinical information systems. The use of clinical information systems strategies varied by screening type ( Table 2 ). The majority of physicians reported using at least one type of reminder (i.e., patient or physician) for mammography and Pap testing, whereas most physicians reported that they do not use reminders for CRC screening. Physicians reported significantly higher use of both patient and physician reminders for mammography (27.2%; 95% CI: 24.6%, 30.0%) and Pap testing (26.6%; 95% CI: 24.0%, 29.3%) than for CRC screening (8.9%; 95% CI: 7.3%,
10.9%).
Among physicians who reported using patient reminders, mailed (68.0%, 72.2%, and 56.1% for mammography, Pap test, and CRC screening, respectively) and telephone (38.6%, 41.8%, and 39.8% for mammography, Pap test, and CRC screening, respectively) reminders were the most commonly used. Among physicians reporting use of physician reminders, chart (54.5%, 53.0%, and 48.0% for mammography, Pap test, and CRC screening, respectively) and computerized reminders (48.0%, 51.1%, and 44.4% for mammography, Pap test, and CRC 9 screening, respectively) were the most common types.
Use of performance reports of cancer screening rates also varied by screening type (Table   2) , with significantly more physicians reporting these for mammography and Pap test screening (approximately 30%) than for CRC screening (12%). Among physicians in practices with reports about screening rates, those that allowed performance comparisons with other practitioners were more common for CRC screening than for mammography or Pap testing (data not shown). Use of performance reports of screening rates to affect compensation was rare for all screening types (<15%).
Delivery system design. The use of medical record systems was similar across types of cancer screening (Table 2 ). Most physicians used paper charts (approximately 60%), and fewer than 20% had full electronic medical records. Approximately 16% reported being in transition from paper to full EMR and the remaining 11% reported partial EMRs. Use of NP/PAs was also similar across screening type, and approximately half of primary care physicians reported that they worked with at least one NP/PA in their practice (Table 2) .
Decision support. More physicians reported in-practice guidelines for CRC screening (61.5%) than for mammography (48.9%) or Pap testing (48.0%) ( Table 2 ). Of physicians with in-practice guidelines, approximately 60% had guidelines in an electronic format at their desk or workstation for all screening types. Less than one-third reported guidelines in electronic format at the point of care (data not shown).
Overall, fewer than 10% of physicians reported using all systems strategies in their primary care practice (i.e., both patient and physician reminders, performance reports of cancer screening rates, electronic medical records, NP/PAs, and in-practice guidelines), ranging from 8.5% (95% CI: 7.2%, 10.1%) for mammography to 7.7% (95% CI:6.4%, 9.3%) for Pap testing to 
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1.7% (95% CI: 1.1%, 2.6%) for CRC screening.
Multiple systems strategies. Figures 1-3 illustrate the adjusted associations between individual systems strategies and use of both patient and physician reminders, by screening type.
Physicians in practices with performance reports of screening rates were more likely to use both patient and physician reminders than were physicians in practices without reports, for all screening types (p<0.05) (Figure 1 ). The type of medical record system was associated with use of both patient and physician reminders in adjusted analyses, with greater use among physicians in practices with full EMRs, followed by those in transition to EMR or with partial EMRs (Figure 2 ). Physicians using paper charts were least likely to report using both patient and physician reminders (p<0.05 for all screening types).
Physicians in practices that had implemented in-practice guidelines for screening were also significantly more likely to report using both patient and physician reminders, for all screening types (p<0.05) (Figure 3 ). Use of both patient and physician reminders was not associated with the number of NP/PAs in the multivariate models.
Discussion
Despite extensive evidence supporting the effectiveness of clinical information, delivery system design, and decision support strategies to improve patient care (11;12), we found that use of these strategies for breast, cervical and colorectal cancer screening in U.S. primary care practices was relatively low. In our study, fewer than 10% of physicians reported using the comprehensive set of the systems strategies to support cancer screening, although more than half reported using at least one systems strategy. Because these systems strategies have been shown to improve delivery of other evidence-based preventive services, such as, smoking cessation and chronic disease care, our findings are broadly applicable (16) . Efforts to better understand the dissemination and implementation of effective systems strategies to improve health care delivery are needed (39;40), particularly within the context of diverse and complex health systems (41;42).
We found that the use of clinical information system strategies, including patient and physician reminders and performance reports of cancer screening rates, varied by screening type.
Although these strategies were used infrequently for all types of screening, they were more commonly used for mammography and Pap test screening than for CRC screening, as has been reported elsewhere (43) . Screening for breast, cervical, and CRC in asymptomatic adults has been widely recommended in practice guidelines for more than a decade (1-7), yet uptake of CRC screening is much lower than for mammography or Pap testing (7) (8) (9) . Several factors may contribute to the differences we observed in use of systems strategies and with cancer screening uptake more broadly. Multiple CRC screening modalities are currently recommended in major practice guidelines, whereas mammography and Pap testing have been the primary screening modalities recommended for breast and cervical cancer screening, respectively, for decades. (24) . Prior systematic review has suggested that health information technology can improve quality of care, at least at benchmark institutions (46) . A fully functional EMR can be used to identify patients eligible for cancer screening based on age and prior screening history as outlined in evidence-based guidelines, document discussions about screening between patients, physicians, and other providers (e.g., NP/PAs), and implement patient and physician reminders (47) . The EMR could then be used to document screening results and ensure that patients are notified of findings. For patients with abnormal results, EMRs could be used to ensure that follow-up testing is scheduled, completed and test results documented (15) . The EMR could also generate reports comparing screening practices.
However, in our study, approximately 60% of physicians worked in practices with paper charts, with the remainder with full EMR (14-18%), in transition from paper to full EMR (16%) or with partial EMR (10-11%). These estimates are consistent with other national surveys of physicians, suggesting that many physicians lacked fully functional EMRs during this period (24;48) . Fully functional EMR use in primary care practice has increased over time (23;49) , although small practices may continue to face challenges to their implementation (50 We also found that use of systems strategies was highly correlated, even after controlling for the effects of physician and practice characteristics, such as specialty, age, and practice size.
Physicians in practices that generated performance reports of cancer screening rates or that had implemented in-practice guidelines for cancer screening were significantly more likely to use both patient and physician reminders for screening than were physicians in practices without these systems strategies. Again, this is consistent with other reports of the importance of multiple systems strategies to enable physician behaviors (55) .
Despite the strengths of having data from a large nationally representative survey of 14 primary care physicians with a high response rate, our study has some limitations. We did not have information about community resources, patient self-management support, organization of care, or patient activation, and as a result, could not examine all components of the Chronic Care model. We could not assess whether physicians' actual screening recommendations and patient receipt of screening tests were guideline-consistent and influenced by the presence of system strategies in the practice. Our survey cannot reflect the diversity and complexity of all primary care practices in the U.S.. Nonetheless, national surveys such as this one are important tools for summarizing key characteristics of primary care practice and identifying areas for more in-depth research, using rigorous application of both qualitative and quantitative methods (56;57) Finally, our survey data were collected in 2007, and some aspects of primary care practice may have evolved since that time. However, to our knowledge, these are the only data which address systems strategies in relation to breast, cervical, and CRC screening in a large national sample of physicians, and serve as a baseline for evaluating future efforts.
In summary, despite evidence demonstrating the effectiveness of systems strategies in improving cancer screening uptake, few primary care physicians are using them in their practices. Increased implementation of systems strategies in primary care is needed, and will be important for improving cancer screening in the U.S. The impact of national initiatives to promote the widespread implementation of information technology (HITECH) (58) and patient-centered medical homes should be assessed in relation to their effect upon population health activities, such as cancer screening. 
